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Brief Definitive Report
CULTURE OF MONONUCLEAR PHAGOCYTES ON A TEFLON 
SURFACE TO PREVENT ADHERENCE*
B y JO S  W. M. V A N  DER MEER, DINI BULTERMAN, TH ED A  L. v a n  ZWET, INE
ELZENGA-CLAASEN, a n d  RALPH v a n  FURTH
(From the Laboratory for Cellular Im m uno logy , Department o f  Infectious Diseases, University
Hospital, Le iden , The Netherlands)
M ononuc lea r  phagocytes  a re  u su a l ly  cu l tu red  on a  g lass  or p lastic  surface to 
w hich  th e se  cells read ily  become a t tach ed  a n d  spread . Both  g lass an d  plastic  
have , how ever, th e  d isa d v a n ta g e  t h a t  i t  is very  difficult to recover m ononuc lea r  
phagocytes  w i th o u t  in ju r in g  th e  cells. T he  p re se n t  p ap e r  describes a m ethod  
for c u l tu r in g  on a  Teflon m e m b ra n e  to w hich  cells do no t a t ta c h  an d  from 
w hich  th e y  can  easily  be recovered in ta c t  for ex p e r im en ta l  purposes.
Materials and Methods
The Teflon F ilm  Dish (TFD). The TFD is a t issue-culture  cham ber consisting of a reusable 
a lum in ium  holder with a Teflon r ing  (inner d iam eter  40 mm) in which a disposable nontoxic 
Teflon-FEP film (fluorinated ethylene propylene resin, Du Pont de Nemours and Co., Geneva, 
Switzerland; gauge 25 fim, supplied by J a n s s e n s ’ M & L, St. N iklaas, Belgium) is mounted (Fig. 
1). The cover consists of a metal r ing in which a t ran sp a ren t  glass disk is fixed. This tissue-culture 
chamber has been described in detail elsewhere (1, 2), and can be obtained from Tecnomara AG, 
Zurich, Switzerland. The assembled cham ber can be sterilized by autoclaving. Control experi­
ments were done in glass and plastic Petri  dishes (Falcon, Becton, Dickinson and Co., Oxnard, 
Calif.) and in Leighton tubes with a flying cover slip.
Preparation o f  Mononuclear Phagocytes. The techniques used for the harves t ing  and incuba­
tion of m urine  peritoneal cells have been described elsewhere (3).
Bone m arrow  cells were harvested  from the mouse fem ur and cultured with an  embryonic 
mouse fibroblast conditioned medium as a lready described in detail (4, 5).
Three macrophage cell lines (6, 7) (P388D,, J774-1, and N6H1-3) were cultured in Dulbecco’s 
modified E ag le’s medium  (Grand Island Biological Co., G rand  Island, N. Y.) with 10% fetal 
bovine serum  (Flow Laboratories, Ayrshire ,  Scotland) and 1% L-glutamine (Microbiological 
Associates, Bethesda, Md.), to which 1,000 U/ml penicillin G (Mycofarm, Delft, The Netherlands) 
and 50 /xg/ml s treptomycin (Mycofarm) had  been added. The cell lines are m ain ta ined  by 
incubating  about 10“ cells which are replated every 9-10 days.
Fibroblasts. F ibroblasts  from mouse embryos were prepared  and  cultured as described earl ier
(5).
Recovery o f  the Cells. The cells were recovered from the TFD by asp ira t ing  the culture fluid 
before gently r insing  the Teflon surface with culture  m edium to remove all loosely adhering  
cells, af ter  which the cells in the suspension were counted in a hemocytometer. The viability was 
tested by t rypan  blue (0.1%) exclusion.
Peritoneal cells cultured in glass Petr i  dishes were recovered by scraping with a rubber 
policeman a t  4°C. Peritoneal cells cultured  in plastic Petri  dishes were trea ted  with 10.7 mM 
lidocaine (Astra Chemicals & Pharm aceutica ls ,  Sodertalje, Sweden) and 3 mM EDTA in culture  
medium for 15 min a t  room tem pera tu re  (M. Rabinovitch, personal communication), after  which
* Supported by the  Foundation for Medical Research FUNGO, which is subsidized by the 
N e the r lands  Organization for the  Advancem ent of Pure  Research (ZWO).
THE JOURNAL OF EXPERIMENTAL MEDICINE * VOLUME 147, 1978 271
272 VAN DER MEER ET AL. BRIEF DEFINITIVE REPORT
a.
metal
holder
A A
cover
Teflon ring 
Teflon membrane
metal holder 
upper part
metal holder 
lower part
1
cover
Teflon ring 
Teflon membrane
F i g . 1. Schematic drawing of the Teflon film dish. a. dish in unassembled sta te , b. dish 
in cross-section.
the surface was rinsed with 10 jets of medium from a Pas teu r  pipette. The fluid was aspira ted , 
the num ber of cells counted, and the viability tested.
Light and Phase-Contrast Microscopy. During  incubation, the  cultures  were studied in an 
unfixed s ta te  with an inverted phase-contrast  microscope. Light-microscopical studies were done 
in cytocentrifuge prepara tions (8) made with cells recovered from the TFD or in 24-h cultures  of 
these cells on a flying glass cover-slip in a Leighton tube. The cells on the glass surface were 
rapidly a ir  dried and, unless sta ted  otherwise, fixed in m ethanol and sta ined with Giemsa stain.
Cytochemistry. Esterase  activity was investigated with a -naph thy l  bu ty ra te  (Sigma Chemical 
Co., St. Louis, Mo.) as subs tra te  a t  pH 6.1 (9); the  incubation t ime was 25 min a t  room 
tem pera tu re .  Peroxidase s ta in ing  was performed according to Kaplow (10).
Receptors at the Cell Surface. In cells recovered from TFD and cells a t tached  to glass, the 
presence of IgG receptors and complement receptors was determ ined as described elsewhere (4).
Phagocytosis and  Intracellular K illing. The methods used to m easure  phagocytosis and 
in trace llu lar  kill ing separately  are  described in detail e lsewhere (8). To tes t  phagocytosis, about 
107 viable cells were incubated with an equal num ber  of preopsonized Staphylococcus albus  (8) 
and 10% newborn calf serum under  continuous rotation (4 revolutions/min) in a siliconized glass 
tube. At several t ime points the num ber  of viable bacteria  in the  superna te  was de term ined  by a 
p la ting method.
In trace l lu la r  kill ing was assessed after  15 min of phagocytosis of preopsonized S. albus. The 
washed cells were then  reincubated a t  37°C, and a t  various t ime points the num ber  of viable 
in tracellu lar  bacteria  was determ ined (8).
Pinocytosis. Pinocytosis was studied by incubating  the cells in the TFD with 10% dextran  
sulphate  (mol w t 500,000; Pharm acia ,  Uppsala, Sweden) for 24 h, after  which the cells were 
recovered from the dish for cytocentrifuge preparation , fixed in absolute methanol,  and sta ined 
with Giemsa 2.5% vol/vol. Control experim ents  were done with cells cultured in Leighton tubes 
with a flying cover slip.
Results
C haracteris tics  o f  Peritoneal Cells In c u b a ted  in T F D . M acrophages  a t ta c h  
very  loosely or no t a t  all to a  Teflon surface. C onsequen tly ,  m ost of th e  cells do 
not s t re tch  d u r in g  incuba tion  b u t  r e m a in  round , as  can be observed w ith  
p h ase -co n tra s t  microscopy. W h en  th e  m acro p h ag es  from TFD  cu l tu re s  are  
rep la ted  on a cover slip an d  in cu b a ted  for 24 h, th ey  can  still  a t ta c h  to th e  g lass  
surface and  show th e  typical s t re tch ed  .shape of such  m acrophages.
E s te ra se  and  peroxidase s ta in in g  an d  th e  pe rcen tage  of m acrophages  w ith  Fc
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T a b l e  I
Characteristics o f Mononuclear Phagocytes Cultured on a Teflon Film and on a Glass
Surface
Peritoneal macrophages* Bone marrow mononuclear phagocytest
Cultured on Teflon Cultured on glass
Cultured
Cyto-centrifuge
preparation
on Teflon
Recultured for 24 h 
on glass
Cultured on glass
% <7c % 7c %
Peroxidase 0 1 1 7 1
Esterase 100 100 100 100 100
Fc Receptors 100 100 99 ND 100
C Receptors 98 100 100 ND 100
Pinocytosis 100 100 95 100 100
* Cultured for 24 h.
+ Cultured for 7 days in the presence of conditioned medium.
and  com plem ent receptors, a re  th e  sam e  in TFD- an d  g lass-cu ltu red  m acro ­
phages (Table I).
Phagocytosis  and  in t ra c e l lu la r  k il l ing  of b ac te r ia  by T F D -cu ltu red  m acro ­
phages and  n o n cu ltu red  cells ob ta ined  directly  from th e  per i tonea l  cav ity  are  
com parable  (Fig. 2).
Recovery a n d  V iab il i ty  o f  Peritoneal Cells in T F D  C ultures .  A recovery 
percen tage  of 77.6 (range  67.0-96.6%) is found a f te r  24 h  of incuba tion  in the  
TFD. After h a rv es t in g ,  very few cells a re  left on th e  Teflon surface.
The v iab ili ty  of th e  recovered cells a m o u n ts  to 93.3 ± 4.9% (SD) a f te r  24 h  of 
incuba tion  in th e  TFD. In cu l tu re s  on a glass or p lastic  surface, 100% viab il i ty  
is found for a t ta c h e d  cells an d  84% for th e  cells p re se n t  in th e  su p e rn a te ,  more 
th a n  90% of w hich  are  lym phocytes. T he  recovery of cells cu l tu red  on g lass  and  
scraped off w ith  a ru b b e r  po licem an is abou t 25% w ith  a v iab il i ty  of less th a n  
55%.
The recovery of cells cu l tu red  on p lastic  a f te r  t r e a tm e n t  w ith  lidocaine an d  
ED TA  is 59.5% (range  46.2-79.3%) w ith  a v iab il i ty  of 94.2 ± 4.3% (SD).
Characteristics o f  Bone M arrow  M ononuc lear  Phagocytes G row n in TF D .  
The ra te  of p ro life ra tion  of bone m arro w  m ononuc lea r  phagocytes  on Teflon in 
the  presence of conditioned m ed iu m  is s im ila r  to t h a t  of cu ltu res  on a g lass  or 
plastic  surface (Fig. 3). In TFD  th e  m ononuc lea r  phagocytes  do no t grow in 
typical colonies (4), and  because th e  cells do no t a t t a c h  and  s tre tch , th e  var ious  
cell types (m onoblast,  prom onocyte, and  m acrophage) canno t  be recognized 
easily. The charac te r is t ic s  of bone m arro w  m ononuc lea r  phagocytes cu l tu red  
for 7 days on Teflon and  s tud ied  in  cytocentrifuge p rep a ra t io n s  or a f te r  24 h  
re cu l tu r in g  on g lass  a re  s im ila r  to those of cells cu l tu red  for 7 days on g lass
(Table I).
M acrophage Cell L ines  G row n  on TF D .  The  r a te  of p ro life ra tion  of th e  
th ree  m acrophage  cell lines in TFD , from w hich  the  cells can easily  be 
recovered in an  u n d a m a g e d  s ta te ,  proved to be of th e  sam e  order of m a g n i tu d e  
as on plastic. The  cell l ines P388D! and  J774-1 showed a 25-fold increase  and  
cell line N 6H 1-3 a 6-fold increase  over a 10 day  period of incubation . The 
v iabili ty  a f te r  cu l tu re  in TFD  is m ore  th a n  95% for these  cell lines.
Fibroblasts  G row n in TF D .  F ib rob las ts  grow n in TFD do no t a t t a c h  and
minutes
minutes
Fig. 2. Kinetics of phagocytosis (a) and in trace l lu la r  kill ing (b) of S . albus by m urine  
peritoneal macrophages. □  Cells recovered from TFD after  24 h of culture, O Cells directly 
harvested  from the peritoneal cavity (data from reference 8). Bars indicate s tandard  
deviation.
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F i g . 3. On day 0, 2.5 x 10r> nucleated bone m arrow  cells were incubated in Dulbecco’s 
modified E ag le’s medium with  20% horse serum  and 20% conditioned medium ( •  cultures 
on plastic surface, ■  cultures  on Teflon surface).
s tre tch  on th e  Teflon surface e i th e r ,  b u t  c lum p to g e th e r  d u r in g  g row th  and  
re ta in  a rounded  shape.
Discussion
The d isad v an tag e  of c u l tu r in g  m ononuc lea r  phagocytes  on a g lass or p lastic  
surface lies in  th e  difficulty enco u n te red  in recovering  the  cells from th e  
surface into suspension . Severa l  m ethods  a re  used  to recover a d h e re n t  cells, 
such as scrap ing  w ith  a ru b b e r  po licem an a t  4°C an d  t r e a tm e n t  w ith  t ryps in ,  
che la ting  ag en ts  (11, 12), or cationic  an es th e t ic s  (13, 14). U n d e r  these  condi­
tions, however, recovery is fa r  from  complete or th e  cells a re  d am ag ed  by th e  
procedure.
To avoid a t t a c h m e n t  of cells to th e  surface, a n u m b e r  of d ifferent tech n iq u es  
have  been tr ied . C u ltu re s  of cells in  tu m b le r  tubes  or in  siliconized g lassw are
(12) a re  only p a r t ia l ly  successful in  avoiding  a t t a c h m e n t  of these  cells to the  
surface. The cu l tu re  of m o n o n u c lea r  phagocytes  on a surface coated w ith  
collagen or in a p la sm a  clot (11 , 12) an d  recovery of th e  cells by enzym atic  
digestion of th e  coating  h as  seve ra l  d isad v an tag es ,  such  as ac t iva tion  of th e  
cells by the  m a te r ia l  on th e  surface, ingestion  of th e  coating subs tance ,  and  
difficulties in th e  direct microscopical observa tion  of th e  cells d u r in g  incuba tion . 
F u r th e rm o re ,  s tudy  of th e  m orphology of fixed, cu l tu red  cells is h a m p e re d  by 
th e  coating m a te r ia l .  E ven  cells w hich  n o rm ally  do no t easily  a t ta c h  to g lass  or 
plastic  (e.g. lymphocytes) m ay  a t t a c h  to th e  coated surface.
The cu ltu re  ch am b er  w ith  th e  Teflon m e m b ra n e  (TFD) m ak es  i t  possible to 
cu ltu re  m ononuclear  phagocytes  m a in ly  in  suspension , w hich  m e a n s  t h a t  th ey
«
A
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can be easily  recovered a f te r  any  period of incubation , an d  be used for fu r th e r  
im m unologica l investiga tions .
Summary
A m ethod  is described for the  cu l tu re  of m ononuc lea r  phagocytes  in su sp e n ­
sion by incuba tion  on a Teflon film to w hich  th e  cells do no t adhere .  The 
charac te r is t ic s  of peritoneal m acrophages ,  bone m arro w  m ononuc lea r  p h ag o ­
cytes, m acrophage  cell lines, and  f ibroblasts  cu l tu red  in th is  w ay  a re  s im i la r  to 
those observed a f te r  cu l tu re  on glass or p lastic  surfaces.
C u l tu re  of m ononuc lea r  phagocytes  in  Teflon film d ishes  h a s  th re e  im p o r ta n t  
ad v an tag es :  th e  cells can  be easily  h a rv e s te d  w i th o u t  d am age ,  recovery  is 
a lm ost  complete, and  th e  cells a re  no t func tiona lly  im paired .  T hus ,  th is  m ethod  
m a k e s  it possible to use cu l tu red  m ononuc lea r  phagocytes  for m a n y  s tud ies  
t h a t  could prev iously  only be done in freshly  collected cells.
We wish to th a n k  P. C. Vink and R. Rijnsburger for the ir  skillful technical help.
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